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A gene encoding the major rice storage protein, glutelin, was isolated and its nucleotide sequence was deter- 
mined. The cloned gene (IINE 3) contains three short introns and codes for a prepro-glutelin protein of 
499 amino acids (M, 56305) identical with that deduced from the type II glutelin cDNA. In the Slflanking 
region, a sequence similar to the legumin box characteristic to leguminous 11 S globulin genes can be de- 
tected around 60 bp upstream from the transcription start site. 
Storage protein; Glutelin gene; Sr nuclease mapping; (Oriza sativa) 
1. INTRODUCTION 
Glutelin is the major seed protein of rice, which 
accounts for approx. 80% of the total endosperm 
protein. It is encoded by a small multigene family 
(about 5 copies per haploid genome) [l]. Its expres- 
sion is under strictly tissue- and developmental 
specific control. In order to elucidate this specific 
gene regulation, it is essential to isolate and charac- 
terize a genomic glutelin gene. We have previously 
isolated and determined the nucleotide sequences 
of glutelin cDNAs coding for full-length glutelin 
precursor [1,2]. Here, a rice glutelin gene was 
cloned and the structure was determined by 
sequencing a genomic fragment of 3.4 kb con- 
taining the entire RNA coding region as well as 
900 bp of the 5 ‘- and about 500 bp of the 
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The nucleotide sequence presented has been submitted to 
the EMBL-GenBank database under the accession num- 
ber YO0687 
3’-flanking regions. When compared with the 
cDNA sequences, it is found that the isolated 
glutelin gene is interrupted by three short introns 
and is functionally active in vivo. This is the first 
genomic nucleotide sequence of the rice storage 
protein gene to be described. 
2. MATERIALS AND METHODS 
Genomic DNA was prepared from dry rice em- 
bryos (Orizu sativa cv. Mangetsumochi) as de- 
scribed [l]. It was completely digested with BarnHI 
and fractionated on a sucrose gradient. A 12 kb 
DNA fragment containing the glutelin gene was re- 
covered and then ligated to the BamHi arms of the 
phage EMBL 3. The concatemeric DNA was 
packaged in vitro. The phage plaques were 
screened by in situ hybridization (31 using a 32P- 
labeled pREE61 cDNA insert as a probe. DNA se- 
quencing was carried out using the chemical [4] 
and dideoxy methods [5]. Si protection mapping 
was carried out as in [6]. The DNA sequence was 
analyzed by using tht GENETYX program (Soft- 
ware Development, Tokyo). 
3. RESULTS AND DISCUSSION 
The glutelin gene was screened by plaque 
hybridization using the pREE61 cDNA insert, 
Pubhshed by Elsevler Science Publishers B. V. (Blomedrcal Dwrsron) 
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which resulted in the isolation of five positive 
clones. One of the clones, XINE 3, was chosen for 
further characterization as it strongly hybridized to 
the pRE61 cDNA. When this DNA was digested 
with several restriction enzymes and blot- 
hybridized with glutelin cDNA, it was shown that 
the glutelin gene was located in the middle region 
of the insert. Furthermore, it was also shown that 
the glutelin gene covering the whole of the tran- 
scribed region and the 5 ‘- and 3 ‘-flanking regions 
was confined to the 4.2 kb EcoRI fragment. This 
fragment was recloned into pUCll8 to generate 
the subclone pREE771 and its insert was se- 
quenced. 
When the genomic sequence was compared with 
the previously determined cDNA sequences, the 
presence of introns was apparent (fig. 1). This is the 
first such case to be found in the cereal seed 
storage protein genes. They occur between posi- 
tions 367 and 455,731 and 833, and 1314 and 1396. 
Therefore, the former two introns are located in 
the acidic subunit coding region and the latter in 
the basic subunit coding region. They range in size 
from 83 to 103 bp. Such a short length of introns 
is characteristic of plant genomic genes. The exon- 
intron junction sequences obey the AG/GT rule 
and show additional homology to the donor and 
acceptor conserved sequences derived from plant 
genes [7]. These introns are higher in A and T con- 
tent than the coding region (intron 1, 68.5%; in- 
tron 2, 73.7%; intron 3, 67.4% vs coding region, 
54.0%). It is known that leguminous 1 I S globulin 
genes have two or three introns [8,9]. They are 
found at exactly the same positions as those of the 
rice glutelin gene. This fact reinforces the 
hypothesis that rice glutelin and leguminous 11 S 
TGTTAGAAAAGGAAACAATATCATGAGTAATGTGTGAGCATTATGGGACCACGAAATAAAAAGAACATTTTGATGAGTCGTGTATCCTCGATGAGCCTCA _____ 
AAAGTTCTCTCACCCCGGATAAGAAACCCTTAAGCAATGTGCAAAGTTTGCATTCTCCACTGACATAAT~CAAAATAAGATATCATCGAT~ACATAGCAA 
. 
CTCATGCATCATATCATGCCTCTCTCAACCTATTCATTCCTACTCATCTACATAAGTATCTTCAGCTAAATGTTAGAACATAAACCCATA~GTCACGTTT 
GAGTCACTTCACGTCTGGAC~TTAACAAACTCT.~ GCCTTTATCTCACTATAAATGCACGiTGATTTCTCiTTGTTTCTC -----__ - 
ACAAAAAGCATTCAGTTCATTAGTCCTACAACAACATGGCATCCATAAATCGCCCCATAGTTTTCTTCACAGTTTGCTTGTTCCTCTTGTGCGATGGCTC 
MASINRPIVFFTVCLFLLCDGS 
CCTAGCCCAG~AGCTATTAGGC~AGAGCACTAGTCAATGGCAGAGTTCTCGTCGTGGAAGTCCGAGAGGATGTAGATTTGATAGGTTG~AAG~ATTTGAG 
LAQQLLGOSTSQWQSSRRGSPRGCRFDRLQAFE 
C~AATTCGGAGTGTGAGGTCTCAAG~TGGCA~AACTGAGTTCTTCGATGTCTCTAATGAGT~GTTTCAATGTACCGGAGTATCTGTTGTCCG~CGAGTTA 
P IRSVRSQAGTTEFF DVSNELFQ CTGVSVVRRV 
TTGAACCTAGAGGCCTACTACTACCCCATTACACTAATGGTGCATCTCTAGTATATATCATCCAAGGTTTGTGTAACAATTTAAGTGCATAATGAATTAA 
IEPRGLLLPHYTNGASLVYI IQ- 
TGATTGGCTGCGATATTTACATTGCTTGTAATTAACATGCATGCCATACTTTCAGGGAGAGGTATAACAGGGCCGACTTTCCCAGGCTGTCCTGAGACCT 
IVSl -G R G I T G P T F P G C P E T 
ACCAGCAGCAGTTCCAACAATCAGGGCAAGCCCAATTGACCGAAAGTCA~AGCCAAAGCCATAAGTTCAAGGATGAACATCAAAAGATTCACCGTTTCAG 
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A~AAGGAGATGTTATCGCGTTGCCTGCTGGTGTAGCTCATTGGTGCTACAATGATGGTGAAGTGCCGGTTGTTGCCATATATGTCACTGATATCAACAAC + 700 
Q G D v I ALPAGVAHWCYNDGEVPVVA IYVTDINN 
GGTS~TAATCAA~TTGACCCTCGACAGAGGGTAAT~AAGCAAAACTTATCCAAAACCAAACATTTTACTATTATTTTGACCTTTTTATTCCACTTTTCTT + 800 
GANQLDPRQR- IVS 2 
AGACAATGATTTAACCTCGTAATCAATTGTTAGGATTTCT~GTTAGCTGGAAATAAGAGAAACCCTCAAGCATACAGGCGTGAAGTTGAGGAGTGGTCAC + 900 
--DDF LLAGNKRNPQAYRREVEEWS 
AAAACATATTTAGTGGCTTTAGCACTGAACTGCTTAGCGAGGCTTTTGGCATAAGCAACCAAGTTGCAAGGCAGCTCCAGTGTCAAAATGACCAAAGAGG + 1000 
QNIFSG FSTELLS E A F G I S N Q V A R Q L 0 C Q N D Q R G 
AGAAATTGTCCGCGTTGAACGCGGGCTCAGTTTGCTGCAACCATATGCATCATTGCAAGAGCAGGAACAAGGACAAATGCAATCAAGAGAGCATTATCAA + 1100 
E IVRVER GLSLLQPYASLQ EQEQGQMQSREHYQ 
GAAGGAGGATATCAGCAAAGTCAATATGGGAGTGGCTGCCCTAACGGTTTGGATGAGACCTTTTGCACCATGAGGGTAAGGCAAAACATCGATAATCCTA + 1200 
E G G Y Q Q S Q Y G S G C P N G L. 
t 
DETFCTMRVRQNI D N P 
ACCGTGCTGATACATACAACCCAAGAGCTGGAAGGGTTACAAATCTCAACACCCAGAATTTCCCCATTCTTAATCTTGTACAGATGAGCGCCGTTAAAGT + 1300 
NRADTYNPRAGRVTNLNSQNFPILNLVQMSAVKV 
AAATCTATACCAGGTAAATGAACAGCACATTTTTTTTCTTGGCAAAAGCTTTAAT~CACACAATATGCTTAATGATGTGTATCTGTTCTATTGCAGAATG + 1400 
NLYQ- IVS3 +N 
CACTCCTTTCACCGTTCTGGAACATCAACGCTCACAGCATCGTGTATATTACTCAAGGCCGAGCCCAGGTTCAAGTTGTCAACAACAATGGAAAGACGGT + 1500 
A L L S P F ii/ N I N A H S IVYITQGRAQ~QVVNNNGKTV 
GTTCAACGGAGAGCTTCGTCGTGGACAGCTACTTATTGTACCACAACACTATGTAGTTGTAAAGAAGGCACAAA~AGAAGGATGTGCTTACATTGCATTC + 1600 
F N G E L RRGQLL IVPQHYVVVKKAQREGCAYIAF 
AAGACAAACCCTAACTCTATGGTAAGCCACATTGCAGGAAAGAGTTCCATCTTCCGTGCTCTCCCAACTGATGTTCTAGCAAATGCATATCGCATCTCAA + 1700 
KTNPNSMVSH IAGKSS IFRALPTDVLANAYRIS 
GAGAAGAGGCTCAGAGGCTCAAGCATAACAGAGGAGATGAGTTCGGTGCATTCACTCCCCTCCAATACAAGAGCTACCAAGACGTTTATAATGTGGCGGA + 1800 
R F F A 0 R L K H N R G D E F G A F T P L 0 Y K S Y Q DVYNVAE 
ATCCTCTTAAGTTGGCAATGCGGATAAAGAATAACTAAATAAATAAATAAATAAATTGCAAGCAATTGCGTTGCTGCTATGTACTGTAAAAGTTTCTTAT ----------_..________ + 1900 
s s * 
AATATCAGTTCTGAATGC'~AAGGACATCCCTCAAGATGGTCTTTCTATTTTTGTGTTCCCGTTCCAATGTACTGTTGGTATCCTCTTGGAGATTCATCAA 
A 
+ 2000 
TATGAGAAAACPGAGAATGGACAACCCTCCCTTATCTTATGGAAAAAAAAGGTTCTCACCTGCCAGAATTGGATTCTGTTGATATTATTCTACTACATTT _______ 
A 
+ 2100 
TGATAGGAATGAATAAAAGAAGCTTGCTCAAGCAAATGGCATAAACTTCCTTTGCCGTGGCCCCCCATCTTGAAGAATATGAGCATCTAAGTTTCTTATC + 2200 
ATACATTGTCATCAGCTCCACAAATTTTCTTATTCTATTCTACTGATAGCAGCTGA~ATGTATCAGAAACTTTGAGTAATTTATATAATTCTAGACACGATTAAA + 2300 
GTATTTTCTGGATACGAGCAA~GTGCCCTACCAGTCAAGTCTCAGCTTGCACCAGAGTACTTAGAAGATTAAGGTTCAGAGTTCAGGCAGTCAACTAAGC + 2400 
AGGGTTACAAAAATCACCAGTGATCAAATTTGTCAGATGGAATAGGTATTCCACGACTGGGTGTCCCAGCATATGGCTTGTATGTTCTTTACTTCTTTTT + 2500 
TACAGCATATGGCTTGTAAGTGAGCTTCCGAATTC + 2535 
Fig.1. Nucleotide sequence (noncoding strand) and deduced amino acid sequence of a glutelin gene. Numbers are bp 
relative to the transcription start site. Consensus sequences (TATA box, enhancer core element and polya&nylation 
signals) are indicated by dashed lines. The legumin-box-like sequence is boxed. Direct repeat and CA-rich sequences 
are indicated by horizontal arrows and wavy lines. Arrowheads and vertical arrow indicate the poly(A) addition sites 
and the posttranslational processing site between the acidic and basic subunits. 
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globulin genes originate from a common ancestral 
gene, which has been suggested from the amino 
acid sequence homology between them [l]. 
The genomic glutelin gene contains a 1497 bp 
open reading frame coding for a 499-amino-acid 
polypeptide (Mr 56305), which is the same size as 
that deduced from the type II glutelin cDNA [l]. 
This indicates that the isolated genomic clone 
(hINE 3) corresponds to the gene encoding type II 
glutelin. Therefore, it is not a pseudogene but an 
active gene, which is strongly transcribed in 
developing endosperm tissue. 
The transcription start site was established to be 
A at position 1 by Si protection mapping (fig.2), 
which is 35 bp upstream from the translation start 
codon. The sequence surrounding this start site is 
TCAC, which is similar to the consensus sequence 
proposed by Dunsmuir [lo]. It is noteworthy that 
a 10 bp direct repeat sequence identical with the 
transcription start sequence can be detected be- 
tween positions - 262 and - 271. In the 
5 ‘-flanking region, the putative TATA box occurs 
27 bp upstream from the transcription start site. 
There is, however, no apparent CAAT box at the 
expected position. A sequence homologous to the 
core enhancer element, GTGGTGTT, is observed 
697 bp upstream from the transcription start site. 
An unusual feature of the 5’-flanking region is that 
there are four very long direct repeat sequences 
(fig.1). These sequences may be involved in en- 
hancing the expression of the rice glutelin gene as 
shown in the soybean ,8-conglycinin gene [ll], 
although their functional significance remains un- 
known. It has been shown that the 5’-flanking 
regions of leguminous globulin genes are con- 
served as well as their coding regions. In par- 
ticular, a long common sequence, designated the 
legumin box, can be found around 100 bp 
upstream from the transcription start site [9]. 
When the legumin box sequence was searched for 
the 5 ‘-flanking sequence of the rice glutelin gene, 
a homologous sequence (13/19 bp) could be 
detected around 60 bp upstream from the 
transcription start site. Considering that the 
legumin box is also conserved at a similar position 
in the rice glutelin gene, such a sequence may be 
specific to the gene grouped into the 11 S globulin 
type gene and may play an important role in speci- 
fying tissue- and developmental specific expres- 
sion. In the prolamin genes, a common sequence, 
46 
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Fig.2. Determination of the transcription start site by S, 
mapping. The coding strand of the 343 bp HinfI-TuqI 
fragment, which was labelled at the 5’-end with 3LP, was 
hybridized with endosperm poly(A) mRNA. The DNA- 
RNA hybrid was digested with Sr nuclease. The 
Sr-resistant segment (Sl) was fractionated using 6% 
polyacrylamide gel in parallel with the sequence ladders 
of the coding strand (G and G + A). 
named the -300 element, has been found about 
300 bp upstream from the start codon [12]. This 
sequence may be comparable to the legumin box. 
Therefore, each group of storage protein genes has 
a unique element in the 5’-flanking region, which 
may be involved in the control of specific gene ex- 
pression. 
The 3 ‘-end of the glutelin gene was identified by 
comparison with the type II glutelin cDNA se- 
quence. It has been shown that heterogeneity of 
the poly(A) addition site can be detected in the type 
II glutelin gene [ 11. Polyadenylation occurs at posi- 
tions 1947 and 2043. Polyadenylation signals are 
characteristic of plant genomic genes. 
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